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Introduction
Improving energy efficiency is typically considered to be the most cost-effective option to mitigate climate change, in particular in the short to medium run (e.g. IEA 2013). For the European Union, recent study results suggest that there is a cost-effective final energy savings potential of up to 40% by 2030 to which all energy consumption sectors need to contribute in different proportions. Accordingly, the largest energy efficiency potentials exist in the residential sector, but energy savings potentials in the industry and the tertiary sector are also substantial (Eichhammer 2013; Fraunhofer ISI et al. 2014) 1 .
The tertiary sector in Germany as it is defined here covers 32.8 million employees, hence accounting for around 80% of total employees. The final energy consumption of the sector amounted to 366 TWh in 2011, i.e. 15% of total final energy consumption in Germany. With a share of around 40%, lighting it is the main electrical end-use in the tertiary sector (see Figure 1 ). Lighting offers a large energy savings potential which can be addressed both by technical (low-cost) and by organizational and behavioral measures (Fraunhofer ISI 2012) . Other important end-uses for electricity in the tertiary sector are mechanical power, information and communication technologies (ICT) and process cooling. The application structure for fossil fuels (incl. district heat) is less differentiated; more than 70% of the final energy demand in the tertiary sector is accounted for by space heating followed by process heat with almost 15 %.
Thus, an enhanced understanding of the factors driving adoption of energy-efficiency measures is expected to provide guidance for better policy design. While there are many studies employing survey data to analyze the adoption of energy efficiency measures in households (Sardianou 2007 , Nair et al. 2010 , Mills and Schleich 2012 , Astmarsson et al. 2013 , data availability has only allowed few such studies for the industry sector (Thollander and Ottosson 2010 , Abdelaziz et al. 2011 , Stenqvist et al. 2011 , Stenqvist 2012 , Stenqvist and Nilsson 2012 and for the tertiary sector and SMEs (Jochem and Gruber 1990 , Thollander et al. 2007 , Schleich and Gruber 2008 , Schleich 2009 , Thollander and Dotzauer 2010 , Cagno et al. 2010 , Fleiter et al. 2012 , Trianni and Cagno 2012 , Trianni et al. 2013 ).
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The tertiary sector is rather heterogeneous, mainly including public and private services, trade, commerce and some small industries. In the following, these sectors are only referred to as "tertiary sector".
Source : Schlomann et al. 2013 : Schlomann et al. , 2014 Figure 1: Final energy consumption in the tertiary sector by end-uses [shares in %]
The empirical literature analyzing the adoption of energy efficient technologies in the tertiary sector and in small and medium sized enterprises (SMEs) suggests that size matters: larger organizations are more likely to adopt energy efficiency measures (e.g. Aramyan et al., 2007 , Schleich 2009 , Trianni et al. 2013 ). In particular, larger organizations allow for economies of scale and also have more resources available, i.e. higher technological and financial know how. Therefore, larger organizations are also less likely to suffer from a lack of information (e.g. about energy use or technology availability) and other transaction costs, which have been identified as a major factor in organization's decision to adopt energy efficient technologies (e.g. Gruber and Brand 1991, Ostertag 2003 , Schleich and Gruber 2008 , Schleich 2009 ). Larger organizations are generally also more innovative because they can spread the risk of technology adoption across a larger portfolio and may more easily acquire external funding (e.g. because they may more easily provide collateral). In general, most studies find capital availability (or lack thereof) to be an important factor for energy efficient technology adoption (Thollander et al. 2007 , Fleiter et al. 2012 , Trianni and Cagno 2012 . Some studies (e.g. Schleich 2004 ) find that more energy intensive companies are more likely to adopt energy efficiency measures. For these organizations, energy efficiency is more likely to affect an organization's competitiveness, and to be of 'strategic' importance (Cooremans 2011) .
Similarly, since higher energy prices improve the rate of return and shorten pay-back times of investments in energy efficiency, they tend to be associated with higher adoption rates (Velthuijsen 1993, Nagesha and Balachandra 2006) . The effect of the form of company ownership on technology adoption has mainly been analyzed in the context of technology transfer to developing countries, e.g. via the Clean Development Mechanism (e.g. Dechezleprêtre et al. 2008) . Thus, subsidiaries (of multinational companies) are typically associated with higher adoption rates. On the other hand, incentives to save energy costs at the subsidiary level are low if the mother organization appropriates the benefits (split-incentives problem). In comparison, several studies find that owning (rather than renting) a building increases organizations'
propensity to adopt energy efficient technologies (Schleich and Gruber 2008) . For rented buildings, the investment in an energy efficiency measures may not be able to fully appropriate the benefits. This split-incentive problem is also known as the landlord-tenant or user-investor dilemma. Finally, Sorrell et al. (2004) and Palm (2009) highlight the importance of social factors and organizational attributes (e.g. "energy culture") for the adoption of energy efficient technologies.
In general though, these studies have focused on medium-to high-cost energy efficiency measures. In this study we contribute to the existing empirical literature by exploring factors driving the adoption of low-cost energy efficiency measures such as controlling lighting, energy management measures or purchasing procedures. Our statistical analyses rely on data from a recent representative survey of the tertiary sector in Germany.
The paper is organized as follows: In Section 2 we provide a description of the basic survey together with descriptive statistics and the econometric model used in the analyses. The estimation results are presented in Section 3. In the concluding Section 4, we interpret and discuss these results and derive implications for policy making.
Methodology

Survey methodology
We base our analyses on data from a representative survey on energy consumption in the tertiary sector in Germany (Schlomann et al. 2013 (Schlomann et al. , 2014 . A total of 2,131 companies and public institutions were interviewed personally (Computer Assisted Personal Interviews -CAPI) by experienced interviewers from GfK 2 . The addressees for the interviews were the main responsible for energy management in the respective company in order to ensure a high level of knowledge on energy consumption and energy efficiency measures in the firm. Data from 2,113 respondents could be used for our analyses. The interviews were conducted between July and November 2011. The survey on energy consumption was carried out for the 5 th time since 2001, and is subject to strict quality control. In the survey, the tertiary sector was defined in the same way as in the German national energy balances (AGEB 2013) i.e. it includes all public and private services and trade, but also agriculture, construction and some small industrial enterprises. Because of its heterogeneity, the sector was broken down into 14 sub-sectors, 11 of which were covered by interviews (see Table 1 ). The sub-sectors were clustered and based on similar energy consumption patterns.
The complete survey questionnaire consists of three parts. The first part comprises general questions on the general structure of the companies involved (e.g. number of employees, floor space, organizational structure), and on economic and technical information on energy use (as e.g. total energy consumption and energy costs, energy consumption for different end-uses like space heating or lighting). The second part involves questions about energy management and measures to improve energy performance. The third part includes additional questions on the specific sub-sector. The analyses in this paper mainly employ information from the energy management part of the questionnaire and relate them to general and economic characteristic of the companies. The energy management section of the questionnaire includes first of all questions addressing the general attitude of the company towards energy efficiency and the undertaking of energy saving measures. In addition, the survey asked for concrete energy savings measures, which refer to a specific end-use, i.e. lighting, or organizational practices. 3 2 GfK is a market research company collecting market and consumer information in more than 100 countries worldwide (www.gfk.com).
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The exact survey questions used in this analysis are available upon request from the authors. 
Econometric model
The factors driving the adoption of energy-efficiency measures are explored econometrically. In this section, we present the dependent and explanatory variables.
Dependent and explanatory variables
In the energy management part of the questionnaire, respondents were asked to state whether they had adopted particular energy efficiency measures in their company. These items serve as dependent variables in our multivariate analyses and are further described in Table 2 . A full set of dependent and explanatory variables was available for 1,528 observations. Thus, all measures considered are rather low-cost measures. Lightoff is clearly related to electricity cost savings, while the other measures may also imply fuel cost savings. The set of explanatory variables available is described in Table 3 . proxies the strategic importance of energy costs and should therefore exhibit a positive sign. Organizations with larger floorspace, exhibit higher energy consumption and are expected to have stronger economic incentives to adopt energy efficient measures, ceteris paribus. The number of employees is frequently used as a proxy for the size of an organization and is expected to have a positive effect on the adoption of energy efficiency measures. Rented is considered to reflect the landlord tenant problem, and should be negatively related with the dependent variables. For subsidiary, we leave it as an empirical question whether the knowledge spillover effect or the split incentive effect dominates. Finally, organizations in rural areas are less likely to benefit from knowledge spillovers from other organizations, and face a more difficult access to information and know-how about energy-efficiency measures. Thus, rural should exhibit a negative sign in the multivariate analysis.
In addition, eleven dummies were included to control for heterogeneity across sectors. Table 4 provides descriptive statistics of the dependent and explanatory variables included in the subsequent econometric analysis. The data for the dependents variables appear in the first four rows. For example, the mean of 0.362 for management implies that 36.2% of the organizations in our sample had implemented energy management measures or energy controlling measures. Similarly, 0.013 for the sector dummy laundry means that laundry units account for 1.3% of the observations in our sample. Note that the means of the sector dummies add up to 1. 
Econometric Methodology
The dependent variables are all binary, and standard univariate probit models could be applied to estimate the adoption of the energy efficiency measures. However, to allow for the possibility that organizations do not adopt these measures individually, we estimate a multivariate probit model instead, thus accounting for possible correlations between the dependent variables through the corresponding error terms. Unless these correlations are zero, parameter estimates from univariate probit models are biased and inconsistent (e.g. Greene 2012 ). We use the statistical software package STATA 13 to estimate the four probit models jointly. For comparison, we also estimate individual univariat probit models. To prevent singularity of the regressor matrix we do not include a dummy for the last sub-sector textile.
Results
For the multivariate probit model results appear in Table 5 . Heteroskedasticity-robust standard errors are shown in parenthesis below parameter estimates. To save space, the findings for the individual probit models are presented in the Appendix Table A.1.
We find that the correlation is positive between all equations, and statistically significant (at p<0.01) for five of the six correlations (only for management and lightoff, correlation was found to be zero). 5 Hence, as suspected, decisions to adopt the energy efficiency measures considered do not tend to be independent 6 . However, comparing the results in Table 5 and Table A .1 suggests that the parameter estimates (and the significance levels) hardly differ between the multivariate probit model and the univariate probit models (see Appendix A, Table A .1). Thus, the bias from running individual probits appears to be rather marginal.
The price of electricity (powerprice) was found to be statistically significant (p<0.05) for lightoff only, also exhibiting the expected positive sign. Powerprice is not statistically significant for any other low-cost measures considered. For lightoff we also calculate the average marginal effect of powerprice. Accordingly, an increase in the power price by 10€cts (i.e. an increase by almost 50% compared to the mean) increases the probability that lighting is only switched on when needed by 7 percentage points. Since the mean for lightoff is 0.75 (see Table 4 ), this corresponds to an increase by about 9%. Hence, while statistically significant, the effect of the electricity price on lightoff is rather limited.
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All results which are not shown here to save space are available from the authors upon request.
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Based on a Likelihood-Ratio test, the Null Hypothesis "all correlations are zero" can be rejected at p<0.01 (χ 2 (6) = 439.74).
Energyintensity turns out to be statistically significant (at p < 0.01) for half the measures considered, i.e. switchoff and purchase, and takes on the expected positive sign. Thus, organizations which are more energy intensive are also more likely to switch off energy-using installations, and to consider energy efficiency for new purchases.
Similarly, while the parameter estimate associated with floorsize exhibits the expected positive sign, it is only statistically significant (p<0.1) for lightoff. Organizations with larger buildings (in m 2 ) need more lighting services. Thus, switching off lights when they are not needed is expected to lead to higher electricity cost services, ceteris paribus. The parameter estimate associated with employees is positive for three equations. Larger organizations are more likely (p<0.01) to adopt energy management and controlling systems. Employees is not statistically significant for any other low-cost energy efficiency measures considered.
Rented is statistically significant and exhibits the expected negative sign in all four adoption equations, suggesting that the landlord-tenant dilemma also holds for low-cost energy efficiency measures. For interpretation, we calculate the estimates of the average marginal effects, taking into account the dichotomous character of rented. Accordingly, renting rather than owning decreases the probability of switching off energy-using installations whenever possible by 18 percentage points, the probability of switching off the lights by 11 percentage points, the probability of adopting management measures by 11 percentage points, and the probability of considering energy efficiency for new purchases by 14 percentage points.
For management and purchase, subsidiary exhibits a positive sign, and is also statistically significant (at p<0.1 and p<0.01, respectively). Implementation of energy management systems or requirements about purchasing procedures are likely be decided at the level of the mother organization, which then diffuses the relevant information and know-how to its subsidiaries.
The result for rural is rather mixed, and no clear pattern emerges: organizations in rural areas are more likely to switch off lights, but less likely to require energy efficiency to be required for new purchases.
Finally, only very few sector dummies are found to be statistically significant, namely hotels/restaurants for management and purchase, hospitals/schools/pools and food for management and officices for switchoff. Given sector heterogeneity, this is somewhat surprising. Thus, unlike for energy efficiency measures in general (e.g. Schleich 2009), for the low cost energy efficiency measures considered we find no support that differences across sectors have a strong effect on the adoption. 
Discussion and Conclusions
In general, our empirical results suggest that most (but not all) the factors generally considered to drive adoption of high-cost energy efficient technologies in the tertiary sector also affect the adoption of low-cost measures such as switching off installations or lighting whenever possible, implementing measures to manage and control energy use, and routinely considering energy efficiency for new purchases.
In particular, we find that the landlord-tenant dilemma holds for the adoption of all the low-cost energy efficiency measures considered. These measures are often physically linked to the buildings infrastructure, such as automatic lighting systems or metering systems, and may thus qualify for the landlord-tenant dilemma. In this sense, our findings complement the existing literature, which finds the landlord-tenant problem to be a prevalent barrier to energy efficiency in residential buildings (see e.g. Ástmarsson et al. 2013) , and for typically rather high cost energy efficiency measures in the tertiary sector Gruber 2008, Schleich 2009 ).
In comparison, our results for the effects of financial incentives are more diverse. Power prices (and also floor space) appear to matter for the take up of lighting measures only. Since the other measures considered may -in addition to electricityalso involve fuel use, the electricity price may capture the financial incentives incompletely, only. Instead, we find that energy intensity, as measured by total electricity and fuel use per employee, is positively related to switching off installations when they are not needed, and to considering energy efficiency when making new purchases. Arguably, this finding reflects a higher strategic value of these measures than lighting measures or general energy management procedures. In essence though, our findings imply that financial incentives such as higher energy prices accelerate the diffusion of low-cost energy measures.
Our findings also hint, that knowledge transfer from the mother company to a subsidiary is a relevant factor, at least for the diffusion of energy management practices and for considering energy efficiency when purchasing new products (e.g. via formal provisions in procurement procedures), Thus, effective energy efficiency policy could specifically target mother companies.
Somewhat surprisingly, sectoral heterogeneity appears to have little impact on the adoption of low cost energy efficiency measures. Arguably, the hospitals, schools and pools, which include primarily public-sector organizations, may be more likely to adopt energy management measures because they are subject to higher external control. This control may be exerted indirectly by the general directly public, or directly via publicly elected council members in the governing boards. In general, results from other studies imply that the factors driving adoption of energy efficiency measures differ by sectors, though (e.g. Gruber 2008, Schleich 2009 ). However, these studies explored measures requiring larger investments in energy-efficient technologies, while our analysis focuses on low-cost measures. In this sense, the findings of this paper do not provide empirical support for sector-specific policies to accelerate the diffusion of low-cost energy savings measures. For these measures generic policies may be more appropriate.
As a caveat we need to point out that our set of explanatory variables is unlikely to be be exhaustive, i.e. other factors, not included in our analysis, may affect the adoption of low-cost energy efficiency measures in the German tertiary sector. If these missing variables were correlated with the explanatory variables included in our analysis, our parameter estimates would be biased. For example, our analysis does not include a measure of capital availability, which was found to be an important factor for the adoption on energy efficiency measures in the literature. However, since we only consider low-cost measures, we do not believe this to cause problems. To properly assess the effect of factors like organizational culture on organizations' adoption behaviour, case study interviews may be more appropriate, since it is challenging to develop reliable scales which may be implemented in a large sample survey. 
